HsfA1d and HsfA1e involved in the transcriptional regulation of HsfA2 function as key regulators for the Hsf signaling network in response to environmental stress.
Heat shock transcription factor A2 (HsfA2) acts as a key component of the Hsf signaling network involved in cellular responses to various types of environmental stress. However, the mechanism governing the regulation of HsfA2 expression is still largely unknown. We demonstrated here that a heat shock element (HSE) cluster in the 5'-flanking region of the HsfA2 gene is involved in high light (HL)-inducible HsfA2 expression. Accordingly, to identify the Hsf regulating the expression of HsfA2, we analyzed the effect of loss-of-function mutations of class A Hsfs on the expression of HsfA2 in response to HL stress. Overexpression of an HsfA1d or HsfA1e chimeric repressor and double knockout of HsfA1d and HsfA1e Arabidopsis mutants (KO-HsfA1d/A1e) significantly suppressed the induction of HsfA2 expression in response to HL and heat shock (HS) stress. Transient reporter assays showed that HsfA1d and HsfA1e activate HsfA2 transcription through the HSEs in the 5'-flanking region of HsfA2. In the KO-HsfA1d/A1e mutants, 560 genes, including a number of stress-related genes and several Hsf genes, HsfA7a, HsfA7b, HsfB1 and HsfB2a, were down-regulated compared with those in the wild-type plants under HL stress. The PSII activity of KO-HsfA1d/A1e mutants decreased under HL stress, while the activity of wild-type plants remained high. Furthermore, double knockout of HsfA1d and HsfA1e impaired tolerance to HS stress. These findings indicated that HsfA1d and HsfA1e not only regulate HsfA2 expression but also function as key regulators of the Hsf signaling network in response to environmental stress.